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模型催化剂的制备与表征及 Pd 片催化 CH4 燃烧的振荡现象入手，采用各种原位
表征手段探索氧化物模型催化剂的结构特征及催化过程中催化剂表面的变化。 
TiO2 负载的钒基催化剂在许多反应中都表现出很好的催化性能，如 NOx 分
解，碳氢化合物的选择氧化等。TiO2 促进催化性能的原因可能是 TiO2 载体增加
催化剂的比表面积、载体和 V2O5 之间的相互作用等。但是到目前为止，VOx/TiO2
之间相互作用的详细研究并不多，TiO2 对 VOx 的修饰作用以及反应的活性相等
问题还存在争议。V 基 Mo 基催化剂也是化工生产中应用较广泛的一类催化剂，
它们在部分氧化脱氢制烯烃上具有较好的催化性能。本文在 TiO2(110)单晶和
Mo(110)单晶上制备了 VOx 膜，采用 AES、LEED、HREELS 考察了 VOx 膜的组
成，结构及振动性质，同时也考察了 V/TiO2(110)，VOx/TiO2(110)的热稳定性，
结果表明真空蒸着法制备的 V/TiO2(110)界面发生明显的氧化还原作用，出现了
VOx 和低价钛，并且金属 V 与表面 TiO2 作用后表面的原子排列是无序的；暴露




更规整；当退火温度升高到 425°C 以上时，表面 VOx 逐步分解，部分 VO2 脱氧
形成 V2O3；725°C 退火后，大部分 VOx 脱附。Mo(110)单晶表面较活泼，O2 在室
温下就能在 Mo(110)单晶表面形成表面吸附 O：Mo(110)-(m×n)-O；在 300-500°C
形成表面 MoOx/Mo(110)；高于 500°C 时形成体相 MoxOy/Mo(110)。体相
















Pd 基催化剂上甲烷燃烧的活性表面仍存在争论，研究 CH4 催化燃烧的振荡
现象可以帮助人们明确催化甲烷燃烧的活性 Pd 物种。本论文通过反射吸收红外
光谱(RAIRS)原位观察测定多晶 Pd 片上 CH4 催化燃烧发生振荡过程中 Pd 表面的
氧化与还原，及相应催化剂 Pd 片的温度和反应气体压力的变化，结果表明 PdO
具有催化 CH4 燃烧的活性。振荡产生的原因是 Pd 和 PdOx 的周期性变化，当反
应气氛中 O2 量充足时催化剂表面形成 PdOx，其催化 CH4 氧化活性较高，O2 被
大量消耗，反应池中 O2 分压减小，PdOx 逐渐被还原，催化活性降低；O2 在反应
池中慢慢积累，O2 分压增大，PdOx 的量增加，活性增大，完成一个周期的振荡。 



















In-situ characterizing a structure ~ activity relationship in an atomic or molecular 
level is key important yet very difficult for catalytic study. Model catalysis studies 
using many surface analysis techniques may help to overcome the complexity of a 
heterogeneous catalyst to better understand the catalytic processes. This thesis 
includes preparation and characterization of VOx/TiO2(110) and VOx/Mo(110) model 
catalysts, and in-situ study of the oscillation behaviour for methane oxidation over a 
palladium foil.  
Titania supported vanadia has been used as catalysts for a number of industrial 
reactions, including selective catalytic reduction (SCR) of NOx by NH3 and selective 
hydrocarbon oxidation. TiO2 acts not only as a support to better disperse the catalytic 
active component, but also as a promoter to enhance catalytic activity and selectivity. 
However, the reseaches for the interation between VOx and TiO2 are scanty. The 
active sites and active oxygen species for a VOx catalyst are still controversial. 
V-based and Mo-based catalysts are used for manufacturing many important 
chemicals, especially for selective oxidation of alkanes and alkenes. In the first part of 
the thesis work, we had studied model catalysts comprised of vanadium or vanadia 
deposited onto a TiO2(110) or Mo(110) surface. The structures and physical chemistry 
properties of the VOx/TiO2(110) and VOx/Mo(110), as well as the interactions 
between V and TiO2 and their thermal stability were investigated by high-resolution 
electron energy loss spectroscopy (HREELS), Auger electron spectroscopy (AES) and 
low energy electron diffraction (LEED). Deposition of metallic V onto a TiO2(110) 
surface resulted in charge-transfer from vanadium to titania at the interface in which 
the vanadium atoms were oxidized and the Ti4+ cations were reduced. When the above 
surface was exposed to O2, Ti
3+ was oxidized back to Ti+4, and the surface structure of 
(1x1) restored. VOx/TiO2(110) produced by reactive evaporation under O2 atmosphere 















annealing. The structure of VOx changed with the increase of VOx coverage. The 
surface of the Mo (110) single crystal is very active. O2 was dissociated adsorbed on a 
Mo surface. A surface MoOx, MoOx/Mo (110), forms at 300°C-500°C. While bulk 
oxide, MoxOy/Mo(110), forms at above 500°C, which is stable when annealed in 
UHV condition. Metallic V deposited onto a Mo(110) surface formed molybdenum 
vanadate. 
The active surface for methane oxidation over Pd catalysts is still disagreed in 
the literature. Studying the oscillation behaviour for methane oxidation over a 
palladium catalyst can help to distinguish the catalytic active surface. The second part 
of this thesis tried to identify the oxidation and reduction of a Pd surface using in-situ 
IRAS for the oscillation behaviour during methane oxidation. The results showed that 
Pd oxides are active for methane oxidation. The oscillatory behaviour correlated well 
with the surface changes. Under methane rich condition, if the O2 partial pressure is 
higher enough, the Pd surface was oxidized, which is very active for CH4 oxidation, 
resulting the significant decrease of the O2 partial pressure. Upon decrease of the O2 
pressure, the Pd surface was reduce, the CH4 oxidtion rate decreased. Then the O2 
pressure started to build up, the surface was oxidized, the reaction rate increased.  
 




























































如 VO，V2O3，VO2 和 V2O5；也可以形成混合价态的氧化物，如 V2nO5n-1(Wadsley 
相)及 VnO2n-1(Magnéli 相)。钒氧化物之所以复杂来自两个相互关联的因素：一是














[13, 18, 24, 
29]和 V2O5
[35, 36]。VOx 膜的制备方法主要包括在 O2 中蒸着法和后氧化法：Price
[20]，
Sambi[34]和 Wong[30]等在 O2 气氛中蒸着 V 制备了 V2O3，并用 LEED、AES、XPS、
NEXAFS、XPD、HREELS 对其进行表征，结果表明 V2O3 没有长程有序性，但
结构与金红石类似，这种结构含有大量的氧空位，属于 Magnéli 晶相；Guo 等[14]
同样采用了在 O2 中蒸着的方法制备了 VOx/TiO2(110)，XPS 表明低于 1 ML 时在
TiO2(110)单晶上生长的是 VO2，高于 1 ML 转变为 V2O3，但所制备 V2O3 的
HREELS 谱没有检测到归属于 V=O 双键的振动峰，与多数金属单晶上制备的
V2O3 不同 
[37-39]；Sambi[18]和 Chang[29]用后氧化法在 TiO2(110)上制备了 VO2，当
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